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FROM8 A .  C .  Merrit t  

The LM s t e e r a b l e  S-Band an tenna  has been remounted 

t o  o b t a i n  a more d e s i r a b l e  r e g i o n  o f  coverage  w i t h i n  g imbal  

s t o p  l i m i t s .  T h i s  memorandum d i s c u s s e s  b o t h  t h e  r e a s o n s  f o r  

t h e  r e d e s i g n  and t h e  cor responding  r e d e f i n i t i o n  o f  an tenna  

t r a c k i n g  c o n s t r a i n t s .  I n  p a r t i c u l a r ,  i t  i s  shown t h a t  t h e  

180°  pi lo t -yaw maneuver, which  i s  p lanned  f o r  LM d e s c e n t  d u r i n g  

t h e  l u n a r  l a n d i n g  m i s s i o n ,  m u s t  b e  i n  t he  n e g a t i v e  s e n s e  about  

t h e  +XB a x i s ,  i n  o r d e r  to avoid  g imbal  s t o p  e n c o u n t e r .  

n o t e d  t h a t  remounting o f  t h e  an tenna  has n o t  a l t e r e d  t h e  a t t i -  

t u d e  c o n s t r a i n t s  imposed by p o s s i b l e  s t r u c t u r a l  i n t e r f e r e n c e  

s i t u a t i o n s .  
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I n t r o d u c t i o n  

During LM d e s c e n t ,  i t  i s  p lanned  t h a t  t h e  DPS (Descent  
P r o p u l s i o n  System) b r a k i n g  maneuver w i l l  b e g i n  w i t h  t h e  LM i n  
a 180° p i lo t -yaw a t t i t u d e ,  so t h a t  t h e  forward  windows a re  
f a c i n g  t h e  l u n a r  s u r f a c e  for viewing.  Somewhat b e f o r e  radar  
a c q u i s i t i o n  ( 3 0 , 0 0 0  ft.), i t  w i l l  be n e c e s s a r y  t o  r e - o r i e n t  
t h e  LM t o  a " face-out"  a t t i t u d e  by yawing th rough  180° ,  i n  
o r d e r  t h a t  t h e  radar an tenna  b e  p r o p e r l y  p o s i t i o n e d .  The re- 
qui rement  t o  m a i n t a i n  cont inuous  LM-earth communications 
d u r i n g  t h i s  180° yaw maneuver mot iva t ed  t h e  an tenna  r e d e s i g n  
d i s c u s s e d  i n  t h i s  memorandum. P r i o r  t o  r e d e s i g n ,  g imbal -s top  
e n c o u n t e r  p r e c l u d e d  cont inuous  communications ( d u r i n g  t h e  yaw 
maneuver) for some o f  t h e  l u n a r  l a n d i n g  s i t e s  under  c o n s i d e r a -  
t i o n .  

Redesigned C o n f i g u r a t i o n  

Redesign o f  t h e  LM S-Band s t e e r a b l e  an tenna  mounting 
w i l l  now p r o v i d e  a more des i r ab le  r e g i o n  of  coverage  f o r  t h e  
1800 yaw maneuver mentioned above.* 
been i n c r e a s e d ,  as p e r  t he  change a u t h o r i z a t i o n ,  from t75 '  t o  
- +goo; i n  p r a c t i c e ,  t h e  new l i m i t s  w i l l  b e  +87O. The az imuth  
a x i s  o f  t h e  an tenna  w i l l  now be  i n c l i n e d  4F0 t o  t h e  LM +XB 
a x i s ,  i n  t h e  s e n s e  o f  p o s i t i v e  r o t a t i o n  about  t h e  t Z B  a x i s .  
( R e f e r  t o  F i g u r e  (l), a t t a c h e d . * * )  I f  t h e  new and o l d  a n t e n n a  
c o o r d i n a t e s  are  d e s i g n a t e d  (EL', AZ ) and ( E L ,  A Z )  r e s p e c t i v e l y ,  

Azimuth g imbal  l i m i t s  have 

1 

* 
A s  p e r  Con t rac t  Change A u t h o r i z a t i o n  No. 632.  

The e l e c t r o n i c s  assembly a t  t h e  base o f  t h e  a n t e n n a  has 
**  

a l s o  been remounted, bu t  t h i s  i s  no t  r e l e v a n t  t o  t h e  d i s c u s s i o n s  
o f  t h i s  memo, and i s  n o t  i n d i c a t e d  on F i g u r e  (1). - 
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t h e n  t h i s  r e d e s i g n  w i l l  r e s u l t  i n  t h e  f o l l o w i n g  t r a n s f o r m a t i o n s :  

A Z ~  = SIN-' 

These  t r a n s f o r m a t i o n s  r i l l  r e d e f i n e  t h e  a n t e n n a  a n g l e s  which 
co r re spond  t o  a p a r t i c u l a r  an tenna  p o i n t i n g  d i r e c t i o n .  An 
onboard computer r o u t i n e  i s  t o  be i n c l u d e d  i n  t h e  LGC (LM 
Guidance Computer) t o  c a l c u l a t e  t h e  a n t e n n a  g imbal  a n g l e s  
r e q u i r e d  f o r  e a r t h  a c q u i s i t i o n .  ( R e f e r e n c e  1) The a n t e n n a  
r o u t i n e  cannot  be c a l l e d  when t h e  LM i s  e x e c u t i n g  a t h r u s t i n g  
maneuver, s o  t h a t  i t  i s  impor t an t  t o  e s t a b l i s h  a g r a p h i c a l  o r  
i n t u i t i v e  r e l a t i o n s h i p  between a d i r e c t i o n  v e c t o r  r e l a t i v e  t o  
t h e  LM and t h e  c o r r e s p o n d i n g  an tenna  a n g l e s .  

Redesign S i g n i f i c a n c e  

The s i g n i f i c a n c e  of t h e  a n t e n n a  r e d e s i g n  i s  under- 
s t o o d  by a comparison of  F i g u r e s  ( 2 )  and ( 3 1 ,  which show r e g i o n s  
o f  s t r u c t u r a l  i n t e r f e r e n c e  and "yaw l o c i "  f o r  t h e  o l d  and new 
a n t e n n a  d e s i g n s ,  r e s p e c t i v e l y ,  i n  t h e  a n t e n n a ' s  e l e v a t i o n - a z i m u t h  
c o o r d i n a t e  sys t em.  The convent ion  f o r  t h e  o r d e r  o f  r o t a t i o n s  
i s  e l e v a t i o n ,  t h e n  az imuth .  The c ros s -ha tched  areas d e f i n e  
a n t e n n a  p o i n t i n g  c o n d i t i o n s  for which a u t o m a t i c  e a r t h - t r a c k  
would b e  e i t h e r  q u e s t i o n a b l e  or i m p o s s i b l e ,  due t o  LM s t r u c t u r a l  
i n t e r f e r e n c e . *  The fami l ies  of s o l i d  c u r v e s  are  a n t e n n a  a n g l e  
l o c u s  p l o t s  f o r  360" r o t a t i o n  abou t  t h e  LM + XB a x i s  ( "yawing") ,  
w i t h  t h e  an tenna  t r a c k i n g  s o  as  t o  p o i n t  i n  a n  i n e r t i a l l y - f i x e d  
d i r e c t i o n .  Cons ider  any p o i n t  on any one o f  these  l o c u s  c u r v e s .  
The p o i n t  chosen co r re sponds  t o  a p a r t i c u l a r  d i r e c t i o n  i n  s p a c e .  
F i x  t h e  an tenna  p o i n t i n g  v e c t o r  i n  t h i s  d i r e c t i o n  and yaw t h e  
LM th rough  3 6 0 " .  The an tenna  a n g l e s  w i l l  t h e n  f o l l o w  t h e  l o c u s  

*The problem of  s t r u c t u r a l  i n t e r f e r e n c e  of  LM-Earth communi- 
c a t i o n s  d u r i n g  d e s c e n t  and a s c e n t  i s  d i s c u s s e d  i n  Reference  ( 2 ) .  
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curve  chosen,  i n  t h e  d i r e c t i o n  i n d i c a t e d  b y  t h e  a r rows ,  f o r  a 
p o s i t i v e  r igh t -handed  r o t a t i o n  about  t h e  LM + XB a x i s  ( t o p  of 
LM). A l l  c u r v e s  are l a b e l l e d  w i t h  t h e  c o n s t a n t  a n g l e  t ha t  t h e  
a n t e n n a  p o i n t i n g  v e c t o r  would make w i t h  t h e  LM + XB a x i s .  

I n  comparing F igu res  ( 2 )  and ( 3 1 ,  one can  see t h a t  
p r i o r  t o  r e d e s i g n ,  ( F i g u r e  2 ) ,  g imbal  s t o p  e n c o u n t e r  would 
o c c u r  d u r i n g  a 360' yaw ( o r  even a 180° yaw) f o r  any i n t i t a l  
o r i e n t a t i o n  t h a t  was g r e a t e r  t h a n  7 5 O  from t h e  +XB a x i s .  A s  
of t h e  r e d e s i g n  ( F i g u r e  3 ) ,  gimbal s t o p  e n c o u n t e r  d u r i n g  a 
1800 yaw w i l l  o ccu r  on ly  f o r  a n t e n n a  o r i e n t a t i o n s  g rea t e r  t h a n  
132' from t h e  +XB a x i s .  
on ly  f o r  i n i t i a l  o r i e n t a t i o n s  l e s s  t h a n  4 2 O  from t h e  t X B  a x i s .  

However, a 3600 yaw i s  now p o s s i b l e  

The d o t t e d  curve  i n c l u d e d  on F i g u r e  ( 3 )  i s  a r e p r e s e n -  
t a t i v e  l o c u s  o f  an tenna  ang le s  d u r i n g  LM d e s c e n t  t o  a l a n d i n g  
s i t e  a t  an e a s t e r n  l u n a r  l o n g i t u d e ,  and i l l u s t r a t e s  t h e  s i g n i f -  
i c a n c e  of  t h e  an tenna  r e d e s i g n .  The a r rows  i n d i c a t e  t h e  
d i r e c t i o n  o f  i n c r e a s i n g  t i m e .  
d e s c e n t  i n  a "face-down" a t t i t u d e ,  and t h e  an tenna  e l e v a t i o n  
d e c r e a s e s  as p i t c h  and r ange  a n g l e s  change. Somewhat b e f o r e  
30,000 f t . ,  a yaw maneuver i s  i n i t i a t e d  i n  o r d e r  t o  r e - o r i e n t  
t h e  LM t o  a zero-yaw, " face-out"  a t t i t u d e  for radar a c q u i s i t i o n .  
On t h e  example l o c u s ,  t h e  1800 yaw takes p l a c e  between t h e  
p o i n t s  l abe l led  t2  and t and f o r  t h i s  example,  t h e  LM i s  
a r t i f i c i a l l y  h e l d  s t a t i c  i n  p o s i t i o n  as w e l l  as p i t c h  and p i l o t -  
roll a t t i t u d e  d u r i n g  t h i s  maneuver. 
o u t  a t t i t u d e  i s  r eached  and an tenna  t r a c k i n g  c o n t i n u e s  t o  t i m e  
t 4  and beyond. 
cu rve  between t2 and t 3 
shown, and would depend on t h e  p a r t i c u l a r  t r a j e c t o r y  as we l l  
as t h e  chosen yaw r a t e .  

A t  t i m e  t l ,  t h e  LM b e g i n s  powered 

3' 

A t  t3, a zero-yaw, f a c e -  

For a n  a c t u a l  p i t c h  p r o f i l e ,  t h e  p o r t i o n  o f  t h e  

would be s l i g h t l y  d i f f e r e n t  from t h a t  

Yaw Maneuver C o n s t r a i n t s  

There are  s e v e r a l  impor t an t  t h i n g s  i l l u s t r a t e d  by 
t h e  above example. F i r s t ,  i f  t h e  yaw maneuver had been i n i t i a t e d  
somewhat b e f o r e  t h e  p o i n t  t2 ,  i . e . ,  when t h e  an tenna  p o i n t i R g  
v e c t o r  was w i t h i n  a cone of  4 8 O  h a l f - a n g l e  about  t h e  LM - XB 
a x i s ,  t h e n  t he re  would have been a p o t e n t i a l  gimbal  s t o p  e n c o u n t e r  
s i t u a t i o n  f o r  an  a c t u a l  p i t c h  p r o f i l e .  T h i s  would co r re spond  



t o  yawing th rough  180" e a r l y  i n  t h e  d e s c e n t  t r a j e c t o r y ,  a t  an 
a l t i t u d e  above 30 ,000  f e e t .  A second o b s e r v a t i o n  from t h e  
example i s  t h a t  t h e  d i r e c t i o n  o f  t h e  180" yaw was o f  n e c e s s i t y  
a n e g a t i v e  r igh t -handed  r o t a t i o n  about  t h e  LM t XB a x i s .  
p o s i t i v e  r o t a t i o n  would have r e s u l t e d  i n  e n c o u n t e r  of  t h e  +255" 
gimbal  s t o p ,  as w e l l  as s t r u c t u r a l  beam i n t e r f e r e n c e  f o r  a 
l a r g e  number o f  t2 c o n d i t i o n s .  
a l l  o f  t h e  l u n a r  l a n d i n g  s i t e s  now under  c o n s i d e r a t i o n ,  t h e  
a n t e n n a  e l e v a t i o n  d u r i n g  e a r l y  d e s c e n t  w i l l  be g rea t e r  t h a n  
+ 90" f o r  a face-down a t t i t u d e ,  and less t h a n  + 90" f o r  a 
face-out  a t t i t u d e .  The re fo re ,  t h e  180" yaw from face-down t o  
face-out  w i l l  cor respond t o  moving from r i g h t  t o  l e f t  on t h e  
p l o t  o f  F i g u r e  ( 3 ) .  

A 

F u r t h e r ,  one may show t h a t  f o r  

On t h e  bas i s  o f  t h e s e  o b s e r v a t i o n s ,  t h e  f o l l o w i n g  
c o n s t r a i n t s  can be e s t a b l i s h e d  f o r  programming t h e  180" yaw 
maneuver: 

1. During LM d e s c e n t ,  yaw from a face-down a t t i t u d e  
t o  a face-out  a t t i t u d e  must be i n  t h e  s e n s e  o f  a 
n e g a t i v e  r o t a t i o n  about t h e  LM + XB a x i s ,  i n  or- 
d e r  t o  avo id  b o t h  beam i n t e r f e r e n c e  and t h e  +255O 
e l e v a t i o n  s t o p .  

2 .  I f  t h e  yaw maneuver i s  i n i t i a t e d  l a t e  enough 
d u r i n g  LM d e s c e n t  t h a t  t h e  an tenna  i s  n o t  p o i n t -  
i n g  w i t h i n  a cone of 48" h a l f - a n g l e  about  t h e  
-XB a x i s ,  t h e n  gimbal s t o p  e n c o u n t e r  cannot  occur .  

Worst-case T r a j e c t o r y  

A t y p i c a l  nominal powered d e s c e n t  t r a j e c t o r y  w i l l  p u t  
t he  LM a t  3 0 , 0 0 0  f t .  above t h e  l u n a r  s u r f a c e  a t  about  310 seconds  
a f t e r  DPS (Descent  P ropu l s ion  System) i g n i t i o n .  I f  one assumes 
t h a t  30 ,000  f t .  i s  t h e  a l t i t u d e  a t  which radar a c q u i s i t i o n  w i l l  
o c c u r ,  t h e n  t h i s  i s  a l s o  t h e  a l t i t u d e  a t  which a f ace -ou t  a t t i t u d e  
must be a t t a i n e d .  I f  t h e  onboard guidance  has been programmed 
t o  perform a 180" yaw from face-down t o  face-out  at a r a t e  o f  
10° /sec .* ,  t h e n  t h e  180" yaw must be i n i t i a t e d  a t  292 seconds 
a f t e r  DPS i g n i t i o n .  A t  292  seconds ,  d e s c e n t  t o  a f a r  e a s t e r n  

* 
Automatic a t t i t u d e  r o t a t i o n s  u s i n g  t h e  LM PNGCS are l i m i t e d  

t o  10° /sec .  d u r i n g  powered f l i g h t .  Manually c o n t r o l l e d  r o t a t i o n s  
i n  t h e  a t t i t u d e - h o l d  mode may be commanded up t o  20°/sec.  
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s i t e  ( v i z . ,  + 4 5 O  l o n g i t u d e )  could  r e s u l t  i n  a n t e n n a  a n g l e s  of 
(EL1, AZ’) = (211°, 3 0 ° )  f o r  t he  new d e s i g n ,  f o r  wors t -case  
t r a j e c t o r y  c o n d i t i o n s .  For  a nominal  p i t c h  p r o f i l e ,  even t h i s  
wors t -case  example would n o t  r e s u l t  i n  encoun te r  of  t h e  +255O 
e l e v a t i o n  s t o p .  

Summary 

Although i t  has been shown t h a t  t h e  LM S-Band s t e e r a b l e  
a n t e n n a  need no t  e x p e r i e n c e  g i m b a l  s t o p  e n c o u n t e r  even f o r  
wors t - case  c o n d i t i o n s ,  t h e  f a c t  t h a t  p o t e n t i a l  g i m b a l  s t o p  
e n c o u n t e r  has n o t  been e n t i r e l y  e l i m i n a t e d  by r e d e s i g n  s u g g e s t s  
t h a t  it w i l l  be d e s i r a b l e  t o  a n a l y z e  gimbal  s t o p  s i t u a t i o n s  
f o r  off-nominal  c a s e s  ( e .g . ,  1800 yaw ea r ly  i n  t h e  d e s c e n t  
t r a j e c t o r y ) .  Onboard programming o f  t h e  180° yaw maneuver 
s h o u l d  obse rve  t h e  c o n s t r a i n t s  g i v e n ,  i n  o r d e r  t o  a s s u r e  t h a t  
gimbal s t o p  b e  avoided .  I n  a d d i t i o n ,  i t  s h o u l d  b e  no ted  t h a t  
remount ing  of  t h e  an tenna  has n o t  a l tered t h e  a t t i t u d e  c o n s t r a i n t s  
imposed by  p o s s i b l e  s t r u c t u r a l  s i g n a l - i n t e r f e r e n c e  s i t u a t i o n s .  

2013-ACM-srb 
ACA%&’ 

A. C .  Merritt 

A t  t a c  hment s : 
Refe rences  
F i g u r e s  1, 2 ,  3 
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S u b j e c t :  Redesign of  t h e  LM S-Band 
S t e e r a b l e  Antenna Mounting 
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